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PROBLEMS
1. (a) Ksp = [Co*P[S* P

(€) Ksp = [Zn**]P[P20,7]
3. (a) HgoClao(s) = Hg2*(aq) + 2Cl~(aq)

(€) MnOs(s) = Mn**(aqg) + 20% (aq)

2. 10— 14
5. (a)[OH 2 = % =167 x10°8;
7.6 x 103
OOF = G4 qoap = 18X 107%;
_8
©fzn*] = 2050 =31 x100m

Ks, PbBr, 6.6 x 1075

7. @) [Po™] = =g (0.019)2

Ksp HggBrg 6 x 10_23

0) H9:"1 = =G o192 = (0.019)2

5x10713

—_ —11
oolg - ox10M

(c) [Ag'] =
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(b) Ksp = [PL**][CI"P

(d) Ksp = [SC**][OH?
(b) PbCrO4(s) = Pb®*(ag) + CrO2 (aq)

(d) Al,S3(s) = 2AP*(aq) + 3S% (aq)

[OH"] = 1.3x 104 M

[Cu?*] = 5.1 x 10710 M

= =0.018 M

=2x10""" M

9. (a) 1x1071% = [Co*][COZ7]; [Co*]=[CO2]=1x10"°M

(b) 2x 1019 = L JFP: [La®] = 219" _ 6104 M
’ (7 x 10-6)3
(c) 6 x 1073 = [Ba®>*P[PO2?; [POS PR = _6x107" . [PO21=9x10°M
4 1 4 (4.2 x10-8)3 "’ 4
Ko BaF,  1.8x 1077
11. (a) [Ba®] = — 222 = =29 x107* M
@) [Ba™] = == (00252 ~29x10
1.8 x 1077
-12 — - -1 = -3
(b) [FPP = = o025 [F1=63x10°M
-3
% F~ left = 6.3 x 10 x 100% = 25% ; F~ precipitated = 75%

25 x 102
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3.0x103¢g/L
13. A=~ T -7, 10°° M
3. [Ca™] 40.08 g/mol 510
_ 50x10"%g/L
21 _ _ -6
[SOs7] = 142.1 g/mol 35x107° M

Q= (75x1075)35x1076) = 26 x 10710 < 7.1 x105; no

7.1 x10°%
2—p_ I X1V 7
[SO77] = 25~ <575 =095 M
15. Hg2*(aq) + 2Cl~(aq) = Hg,Cla(s) Kep = 1 x 10718

(a) mol Hg2* = mol Hg,Cl, = (0.01300 L)(0.0021 mol/L) = 2.7 x 10~5

2.7 x 105 mol

- —4
0013L + 0025 — (4x107M

[Hg*] =

mol CI~ = mol HCI = (0.0250 L)(0.015 mol/L) = 3.8 x 104

3.8 x 10~* mol
0.013L + 0.025L

== [Hg2*][CI"]? = (7.4 x 1074)(9.9 x 1038)2 = 7.2 x 108 > 1 x 10718 ;  yes

[CI7] = =99x103M

(b) Before reaction, there are 3.8 x 10~* mol CI~ and 2.7 x 10~5 mol Hg2*.
2.7 x 10~ mol Hg2* will react with 2(2.7 x 107°) = 5.4 x 10~° mol CI .
Hg2* is limiting and used up. mol CI~ left=3.8 x 107* — 54 x 107% = 3.3 x 107

3.3 x 10~* mol
0.013L + 0.025L

mol NO, = 2(mol Hg»(NO3)z) = 2(2.7 x 107°) = 5.4 x 107°

=87x103M

[CI"] =

5.4 x 105 mol
0.013L + 0.025L

[Hg2*] after equilibrium with the precipitate is established:

=14x103M

INO; ] =

1 x 1078 = [Hg2*][CI]? = [Hg2*][8.7 x 1073]?; [Hg2*] =1x10""“ M

17. let s = molar solubility of the solid
(@) [PbCl] =s; [Pb**]=3s; [ClI7]=2s
1.7 x 1075 = [P?*][CI"]? = (s)(25)?; s = 0.016 M = [PbCly]

(b) [Caa(PO4)e] = 55 [Ca*]=3s; [PO]=2s

1x10738 = (35)3(25)2; s =1x10"7 M = [Cazg(PO.)s]

(c) [Ag2COs] = 55 [Ag'l=2s; [COS =5

8x 1012

(25)%(s); s =1x10"*M = [AgCOs]
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19. (@) Ksp = [Zn**][COZ7]; [Zn**] = [CO27] = [ZnCO3] = 1.21 x 1075
Ksp = (1.21 x 1075)(1.21 x 1075) = 1.46 x 10~1°

(b) Ksp = [AG*RISO2]; [SO27] = [Ag2SO4]=0.014 M; [Ag*] = 2[SO2"]=0.028 M
Kep = (0.028)%(0.014) = 1.1 x 1075

(€) Ksp = [SPP*P[PO2 1%, [Sr?*] = 3[Sr3(PO4)2] = 3(25x 1077 M) =75 x 107" M
[PO2"] = 2[Sr3(PO4)2] = 2(25x 1077 M) = 5.0 x 107" M
Ksp = (7.5 x1077)3(5.0 x 10°7)2 = 1.1 x 10~

21. AgCl(s) = Ag*(ag) + Cl~(aq) Ksp = 1.8 x 10710
Let s = molar solubility of AgCl = [AgCI]; s = [Ag*] = [CI7]

(@ 1.8x10°10 = (s)(s); s =1.3x10"5M=[AgCl]; (1.3 x 105 mol/L)(143.4 g/mol) = 0.0019 g/L

(b) [CI"]from AgCl=s; [CI~]from BaCl, = 2[BaCl,] = 2(0.025) = 0.050 M
[CI”]=s + 0.050; Assumes << 0.050; [CI"]=0.050M
1.8 x 10710 = (5)(0.050); s =386x10"°M; (3.6 x107° mol/L)(143.4 g/mol)=5.2 x 107 g/L

(c) [AgT] from AgCl=s; [Ag*] from AgNO3; = [AgNO3]1=0.17 M
[Ag*] = s + 0.17; Assumes << 0.17; [Ag*]=0.17M
1.8x 10710 = (5)(0.17); s =11x10"°M; (1.1 x 10~° mol/L)(143.4 g/mol) =1.5 x 107 g/L

1 mol

8.6 x 10~° mol
2913 g

-3
23. 25 x107° g Pb(N3)2 x 0.100 L

=86x10"°mol; [Pb(N3)s] = = 8.6 x 1074 mol/L

[Pb?*] =86 x10"*M; [N, ]=2(8.6x10"*M)=0.0017 M
Ksp = (8.6 x 1074)(0.0017)? = 2.5 x 10~°

25. At 25°C, Ksp = 1.7 x 107°. Let s = molar solubility of PbCl, ;  [PbCly] = [Pb?**] = 5 ;[CI"] = 25
1.7 x 1075 = (s)(25)?>; s=0.016 mol/L; (0.016 mol/L)(278.1 g/mol) = 4.50 g will dissolve in 1 L.

Since only 1.0 g PbCl, is added, none will crystallize out.
27. Fe(OH),(s) = Fe**(aq) + 20H (aq) Kegp = 5x 10717
[Fe(OH);] = [Fe?*] = s = molar solubility of Fe(OH),

(@ 5x107"7 = (s)(1 x107%; s =5x10"" mol/lL
(5 x 10~7 mol/L)(89.87 g/mol)(0.100L) = 4 x 10~° g
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20.

31.

33.

35.

(b) 5x 1077 = (s)(1 x1077); s =5x10""9mol/lL
(5 x 1071° mol/L)(89.87 g/mol)(0.100L) = 4 x 10 % g

(€) 5x 1077 = (s)(1 x107%); s =5x10""mol/L
(5 x 1013 mol/L)(89.87 g/mol)(0.100 L) = 4 x 102 g

2.37 g Ba(OH), 1 mol
241 — — —
[Ba=*] = [Ba(OH),] = 0100 L X 71349 = 0.138 M

pH = 13.28; pOH=0.72; [OH"]=0.19M

Ksp = [BaZ*][OH"]? = (0.138)(0.19)? = 5.0 x 10~2

(a) [Pb?*] to precipitate PbSO4 = 1.8 x 1078/0.035 = 5.1 x 10" M

[Pb?*] to precipitate PbCrO4 = 2 x 107'4/0.035 = 5.7 x 1073 M

PbCrO, precipitates first.
(b) 5.7 x 10" M

0.026 mol
3+ _ — . 3+1 — -

(a) mol AP* = (0.40 MOI/L)(0.085 L) = 0.026 ;  [AP*] = et mmer =0.14 M

mol Fe?* = (0.17 mol/L)(0.125 L) = 0.021;  [Fe?*] = — 0021 Mo _ 44y

0.065L + 0.125L
OH~ needed to precipitate Al** as AI(OH);: 2 x 103" = (0.14)[OH"]®; [OH"]=1x10""°
OH~ needed to precipitate Fe®* as Fe(OH),: 5 x 1077 = (0.11)[OH"]?; [OH ] =2x 1078

AI(OH); will precipitate first

(b) ~ 1x 1070 M

Total volume of solution=0.125L + 0.225L + 0.025 L =0.375L
0125 mol
mol Au* = (0.100 mol/L)(0.125 L) = 0.0125 ;  [Au*] = 20122 MO _ ) 6333 M
0375L
011 mol
mol Ag* = (0.049 mol/L)(0.225L) = 0.011;  [Ag] = 2o MOl _ 4 609 a1
0375L
—4
mol CI- = (0.0100 mol/L)(0.025 L) =2.5 x 10~4;  [CI-] = %OSL"‘O' =67 x104M

Q for AuCl = (0.0333)(6.7 x 107%) =22 x107°>2.0x 10713
Q for AgCl = (0.029)(6.7 x 107%) = 20 x 1075 > 1.8 x 10710
Theoretically, both AuCl and AgCl should precipitate, but mol Cl~ (2.5 x 10~4) << mol Au* (0.0125).

Since AuCl will precipitate first (smaller Ksp), it will consume all the chloride. AgCI will not precipiate.
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37. (a) CupS(s) + 2H*(ag) — 2Cu*(ag) + HxS(g)
(b) no reaction
(c) SrCOg(s) + 2H*(ag) — Sr2*(aq) + HoCOs(aq)
(d) Cu(NHg)*(aq) + 4H*(aq) — Cu*(aq) + 4NH/ (aq)
(e) Ca(OH)a(s) + 2H*(ag) — Ca2*(aq) + 2H,0
39. (a) AgCI(s) + 2NHg(ag) — Ag(NHs);(ag) + Cl(aq)
(b) AP*(ag) + 3NHs(ag) + 3H,O — Al(OH)s(s) + 3NH;*(aq)
(c) Cu?*(aq) + 4NHs(aq) — Cu(NHs)?(aq)
41. (a) Sb®*(ag) + 30H(ag) — Sb(OH)s(s)
(b) Sb(OH)s(s) + OH~(aq) — Sb(OH), (aq)
(c) Sb**(ag) + 40H(ag) — Sb(OH), (aq)

43. CuClI(s) = Cu*(aqg) + Cl(aq) Ki = Ksp CuCl
Cu*(ag) + 2CN~(aq) = Cu(CN), (aq) K> = Ki Cu(CN),

CuCl(s) + 2CN~(aq) = Cu(CN), (ag) + Cl~(aq)
K = (Ksp CuCl)(K; Cu(CN), ) = (1.9 x 1077)(1.0 x 10'®) = 1.9 x 10°

45. (a) Zn(OH),(s) = Zn®**(ag) + 20H(aq)
Zn**(aq) + 2CN~(ag) = Zn(CN)y(s)

Zn(OH)a(s) + 2CN—(ag) = Zn(CN)a(s) + 20H(aq)

_ Ksp Zn(OH), _ 4x 1077

— —6
= Ko Zn(CN), ~ 80Ox 10 - °*10

K

(b) no; K (5 x 1078) is too small
47. (a) AI(OH)3(s) + OH(aq) = AI(OH), (aq)

(b) Al(OH)3(s) = A|3+(aq) + 30H"(aq)
Al*(ag) + 40H™(ag) = AI(OH), (aq)
Al(OH)3(s) + OH™(aq) = AI(OH), (aq)

K = (Ksp AI(OH)g)(K; AI(OH), ) = (2 x 1073")(1 x 10%) = 2 x 10?

Chapter 16
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_ [AIOH), T |

2 % 102
(€) 2x10% = 2= =02

[AOH), ]~ 2 M

49. AuCl(s) + 2CN~(aq) = Au(CN), (aq) + Cl~(aq)
K = (Ksp AuCI)(K: Au(CN),) = (2.0 x 107'3)(2 x 10%) = 4 x 10%®

[Au(CN), JICI7] 52

25 _ 2 - . — 11

4 x 10 = [CN-F2 = 0010 s = 6 x 10'"" M (completely soluble)
51. (a) CdC,04(s) = Cd**(aq) + 02042’(aq)

Cd?**(aq) + 4NHz(ag) = Cd(NHz)(aq)

CdC,04(s) + 4NHz(ag) = Cd(NH3)(aq) + 02042’(aq)
K = (Ksp CdC,04)(K; Cd(NH3)2*) = (1.5 x 1078)(2.8 x 107) =0.42

2.00g 1 mol

2_ _ —
(b) [C20,71 = [CdC204] = 557 * 55044

= 00100 M; [Cd(NHg)2*] = [C,027]

[Cd(NH3) 2][C.02] _ (0.0100)?

42 = = NH3]=0.12 M
0 [NH3]* [NHg]* (NHs] =0
0.10x 1073 ¢ 1 mol
2+ — = 6. —4
53. mol Ca=* in blood sample = Tl x 250.0 mL x 20.08 g 6.2 x 10

mol 02042_ in precipitating solution = (0.160 mol/L)(0.2500 L) = 0.0400
Ca®*(aq) + C207 (ag) — CaCyOa(s)

Ca?* is limiting and used up.

0.0394 mol
mol C;02” =0.0400 —62x 1074 =00894;  [Co077] = 5o 2250 - =00788 M

4 x107% = [Ca?*][0.0788]; [Ca®**]=5x108M

20g 1 mol
[FT] = =11 104 M
55. [F"] 108 L water | 19.0¢g x 10

0 =(85x1074)(1.1 x 10742 = 4.2 x 1012 < Ky, CaF, (1.5 x 10719 ;  no

57. (a) Fe?*(ag) + 20H (ag) — Fe(OH)y(s)
Ba?*(ag) + SOZ (ag) — BaSOa(s)
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(b) mol Fe** = mol SO42* = mol FeSO, = (0.0250 L)(0.500 mol/L) = 0.0125
mol Ba(OH), = mol Ba®* = (0.0350 L)(0.332 mol/L) =0.0116 ; mol OH~ = 2(mol Ba®*) = 0.0232
For Fe(OH), precipitation: OH~ is limiting and 0.0116 mol Fe(OH), are formed.
mass Fe(OH). = (0.0116 mol)(89.87 g/mol) =1.04 g
For BaSO, precipitation: Ba?* is limiting and 0.0116 mol BaSO, are formed.

mass BaSQO, = (0.0116 mol)(233.4 g/mol) =2.71 g

9.00 x 10~* mol
2 —4 . 2
(c) mol SO, unreacted = 0.0125-0.0116 =9.00 x 10~*; [SO,/ 7] = 0.0350 00250 1L = 0.015M

1.1 x 10710 = [Ba?*][SO2"] = [Ba2*](0.015); [Ba] =7.3x107° M

[Fe?*] = [SO27]1=0.015 M
5x 1017 = [Fe?*][OH" ]2 = (0.015)[OH"]?; [OH ]1=6x10"8M

59. (a) CaCOs(s) = Ca?*(aq) + CO32_(aq) Kep = 49 x107°
H*(ag) + COZ (ag) = HCO, (aq) 1/Ks = 1/4.7 x 10~
CaCOs(s) + H*(ag) = Ca?*(aq) + HCO; (aq) K=10x10?

(b) Lets = [CaCOy]; [CaCOs] = [Ca®] = [COZ] = s
49x107% = (s)(s); s=7x10"°M

Ca?*][HCO,
(c)1.0 x 10 = % ; [CaCOj] = [Ca?*] = [HCO, ] = s
1.0x102=%; s=0.10M

61. 70, 7 insolution

63. 40, 8 (O insolution, 2 OO at bottom

65. (a) JQ 2 =1x10"10 s=1x10"%
K2R 458 = 1 x 10~10 s=3x10"*
L»S3 10855 = 1 x 10~1° s =4x1073 greatest molar solubility
MT, 45 =1 x 10710 s=3x10*
NU; 27s* =1 x 10710 s=1x10"3

(b) can’t tell without molar mass

(c) no; don’t know molar mass
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67.(a) T (b) T (c)F (T (e)T
69. Mg(OH),(s) = Mg?*(ag) + 20H (aq) Ky = 6x10712

2NH/ (aq) = 2H%(aq) + 2NHg(aq) (K»)? = (5.6 x 10719)?

2H*(ag) + 20H-(ag) = 2H,0 Ks = (1/Kw)? = (1.0/1 x 10-14)2

B _ (6x107"2)(5.6 x 107102 L
K—K1K2K3— (1.O><10_14)2 =2x10
2 2
2 10-2 = WY @SS 0

~INH/12 T (0.2)2

Inwater: 4s® =6x107'2; s=1x10"*M

0.30

_ Ko CaFp _ -4, o 4 _ -4
7O.K-W-3.2><10 ;0 [H1=19x%x10 x@-2.8x10
B 453 ) _
3.2X104=m, S=1.8X104M
K AgCl 1.8 x 1010
+1 — p — — -9
TLIAGT = ST = s = 90x10°M
—16
(-] = Ksp Agl — 1x10 1% 108 M

[Agt] ~ 9.0 x 109

6x 10712

se.qo2’ [OH1=1x10"°M

72.(a) [OHJ? =

(b) A(OH)3: Q = (4 x 10°7)(1 x 1075)® = 4 x 10722 > K,
Fe(OH)s: O = (2x 1077)(1 x 10758 = 2x 1072 > K,
Al(OH)3 and Fe(OH)3 precipitate.
(c) [OH ] = 6 x107"2)/(28 x 1072); [OH ]~1x107°M
[AR*] = (2x107%")/(1 x107"°) = 2x 107" M; [Fe*] =3x10"*M
virtually all

(d) 0.028 mol Mg(OH), + (4 x 10~7 mol AI(OH)z) + (2 x 10" mol Fe(OH)s)
(0.028 mol)(58.32 g/mol) =1.6 g
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_ Ki Zn(OH)/~ 3 x10™

= = = 105
K; Zn(NHg)2* ~ 3.6 x 108 8 x

73.(a) K

(b) IN1.0M NHz: [OH ] =42x103M

2= S —3)4 2+
Zn(OH)42 _ (8x10 )(4.24>< 107°* o6 104 Zn(NHs)g 410
Zn(NHg) 2+ (1.0) Zn(OH)Z~
74. Ag(NH;) (aq) = Ag*(aq) + 2NHs(aq) K = 1/K;
2NHz(aq) + 2H*(ag) = 2NH/ (aq) K = 1/(K.)?
Ag*(aq) + Cl™(aq) = AgCl(s) K = 1/Ksp
1
K= %o =10x10%
Kf (Ka)2 Ksp



